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The Electrical Equipment of the Colgate Power House. 


| EATURES of unusual engineering interest 

: rT abound on every hand in the equipment of 
4 the great power house of the Bay Counties 
Power Company at Colgate, where a com- 

paratively small portion of the mechanical energy 
of the mighty Yuba is converted into electricity for 


transmission over far greater distances than even 


the most sanguine enthusiast believed to be pos- 











sible but two or three years ago. The relation of 

THE MAIN GATE VALVES. > s IN A 3000-H. P. RISDON WHEEL PIT. 
the achievements of the engineers of this epoch- 

making enterprise—achievements made possible through the far sightedness, acumen and 

indomitable courage of its promotors, managers and financial supporters—have been related so 

fully in these columns heretofore that now naught remains to tell but the story of the chief 

electrical features of the power house, which is above all others the present cynosure of the eyes 

of the electrical transmission world in every clime. 

It is not venturesome to predict that procedures which a brief time since were deemed 
experimental, but which have now through the energy of the Bay Counties Power Company been 
demonstrated as eminently practicable and commercially feasible, will quickly become adopted 
as standard in extreme long distance high tension transmission work; indeed, the prophesies 
made in these columns many, many months ago, to the effect that virtual empires of productive 
communities in California would be eventually linked together through the medium of electric 
power transmission into a single mighty system wherein electricity and gas, water power and 
steam power, would be united into a harmonious whole—these prophesies, so often dwelt upon, 
are now far more near actual fulfillment than many others that have been regarded as being 
indubitably less visionary. 

And so, much interest will be attached to the subjoined description of the principal elec- 
trical features of the Colgate power house, marking as it does a closing chapter of this serial 
which has been devoted to a mighty undertaking. That much more is to be said upon the 
subject is not to be questioned, for more is bound to appear in the columns of THE JOURNAL 
upon every type of never ending engineering interest, but the following able article by Messrs. 
Heitmann and Currie (some of which has appeared in “The Engineering News”) fittingly con- 


cludes the descriptive features of the serial in hand.—THE Epiror. 
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“S. K. C”” APPARATUS AT COLGATE. 
BY EDW. HEITMANN AND WM. CURRIE. 

N general, the most important factors to be considered 
in selecting alternating current generators are high 
efficiencies at all loads, low heating, good regulation, 
thorough insulation and easy accessibility for quick 
repairs. While all of these features should receive 

due consideration, the regulation becomes of prime im- 
portance. With the exception of the drop due to the line 
itself, that of the generator is the greatest of all the appa- 
ratus used in an electric transmission; therefore the total 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 





|Vol. XII—No, 4 


The heating at normal loads should be low, since the 
deterioration of the insulation depends largely upon it, 
and since this will also enable the generator to carry 
heavy loads if necessary with perfect safety. 

The parts liable to injury must be few and readily 
accessible. Mechanically the design must be such that 
the machine will withstand either shocks due to excessive 
overloads or a greatly increased speed, which may become 
possible with a breaking down of the governing apparatus 
or a sudden decrease of load. The parts must also be 
limited in size and weight to permit of easy hauling over 
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SCENES IN HYDRAULICKING RESEMBLING THOSE OF EARLY MINING DAYS ARE BEING ENACTED AT LAKE FRANCES. 


regulation of the system largely depends upon it. More- 
over, the load will always be quite inductive, and, at the 
best, it is difficult to obtain close regulation under such 
conditions. 

The two principal factors which deter- 
mine the regulation of alternators are 
armature reaction and armature self-induction. It is de- 
sirable to keep the latter as small as possible in order to 
prevent an excessive rise in the voltage at low loads, due 
to the capacity current of the line. Hence it is important 
to not only have the regulation close but also to adopt a 
design which insures low armature self-induction. 


GENERATORS. 


difficult roads and steep grades common to mountainous 
districts. 

The peripheral velocity of water wheels of the Pelton 
type is usually about one-half the spouting velocity of the 
water. Therefore when such water wheels operating 
under high heads are used as prime movers, it generally 
becomes necessary to adopt high speeds in order to keep the 
wheels within reasonable dimensions. Hence, a design 
which can be used for high speeds and which embodies 
all the points enumerated, without becoming too bulky 
and costly, will at once recommend itself for this work. 
The inductor-alternator possesses all these features to a 
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marked degree. Its design and construction permits the 
use of extremely high peripheral speed, effecting good 
ventilation and therefore low heating, and makes it pos- 
sible to utilize armatures of large diameters and narrow 
widths, both of which are great aids in obtaining low self- 
induction and good regulation. 

All of these features can best be illustrated by a descrip- 
tion and discussion of one of the generating units installed, 
While the Bay Counties company have a number of dif- 
ferent sizes, their characteristics are in all respects similar. 
A description of one generator will therefore suffice. The 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 61 


which in addition are tongued and grooved on their inner 
surfaces. Projections to which the laminations that form 
the pole pieces are attached are cast on 
mecHanicaL the face of the rim. The laminations are 
CONSTRUCTION. held in place by means of keys and dove- 
tails. The inductor rotates at a speed 
of nearly 10,000 feet per minute; nevertheless, the fiber 
strains are such as to withstand an increase of 50 per 
cent. in speed with absolute safety. The inductor can be 
shipped in quarters if desired, one of these sections weigh- 
ing approximately 13,000 pounds. 
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WHERE THE FILLING FOR THE DAM CONFINING THE RESERVOIR IS BEING SLUICED IN. 


largest of these consists of a 2000-kilowatt, 60 periods per 
second, 2200-volt, S. K. C. inductor-alternator, direct-con- 
nected to a Risdon water wheel operating at 240 revolutions 
per minute, as described in detail in THE JOURNAL for 
January last. These generators were built by the Stanley 
Electric Manufacturing Company of Pittsfield, Mass. 
The revolving element, or inductor, consists of four 
cast-steel quarters (figure 6). The two quarters, which 
form one-half of the inductor, are clamped together at the 
hub by means of heavy bolts, and at the outer end of 
the spokes by means of rings shrunk on after installing. 
Bolts passing through the rim firmly unite the halves, 





The pole punchings are shaped so as to cause a sine 
distribution of flux in the air gap. This, in connection 
with a low armature reaction and saturated teeth, insures 
a close approximation to a sine wave of electromotive 
force at all loads. Curves of the wave form under two 
conditions are shown in figures 8 and 9. 

All the metal is cut away between the polar projections, 
and since with this type of machine no exciting coils are 
placed around the poles, these act like vanes on a fan and 
a large volume of air is forced through the armature and 
around the field coil, insuring a perfect and efficient venti- 
lation. 
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The armature consists of a cast-steel ring, ribbed as 
shown, to the inner surface of which the armature punch- 
ings are fastened by means of dovetails and keys, similar 
to the inductor punchings. ‘This armature is also made 
up of four quarters, each of which weighs approximately 
7000 pounds with the winding and punchings. 

Four half-inch ventilating spaces are inserted at equal 
distances in the armature. Openings are punched into 
this iron midway between each dovetail, which, when the 
iron is assembled, form ducts at right angles to the ven- 
tilating spaces. Holes are also bored in the outer casting 
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It is, therefore, possible to remove an armature coil with- 
out disturbing any other part of the machine. 

The field coil consists of a single stationary coil, made 
up of copper strip, wound in two sections, with a wide 
ventilating duct between them. The whole is surrounded 
by a heavy brass bobbin, which not only insures perfect 
rigidity, but also, due to its secondary action, prevents 
any possible breaking down of the insulation when dis- 
charging the field. Being situated between the armature 
halves its ventilation is thorough. On page 69 is shown 
a view of the assembled machine. 





THE INCOMPLETED DAM AT LAKE FRANCES, SHOWING THE PIPE LINE LEADING TO THE PENSTOCK AT COLGATE. 


at regular intervals around the periphery. Thus the 
entire construction permits of the best possible circula- 
tion of the air forced through by the inductor. 

The armature winding is of the type known as a con- 
centrated two-coil per slot winding. Each coil consists of 
a few conductors, wound edgeways, with mica insulation 
between the layers. The coil is wrapped in a special in- 
sulation, treated with an insulating compound and 
thoroughly baked after winding. The coils can be 
removed by loosening several clamps, after which they 
can be dropped down between the poles and withdrawn. 


The principal electrical characteristics are given in 
figure 10. Of these the most important are the curves 
. showing the regulation, especially on in- 
ductive loads. ‘These were calculated 


ELECTRICAL 
DATA. from data obtained from the shop tests. 
The full load regulations are as follows: 
For power factor 100 per cent. — 1egulation is 3.0 per cent. 
Fs " me go ay — és ee ss 
2 ss ss 80 si — if ee 2, i 
- is a 70 a — *: aa ts | % 


Thus the regulation on low power factor is extremely 
good, and the generator will have an inherent regulation 
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of 10 per cent., or better, for all loads likely to occur in 
such service. 

The efficiencies, plotted in the same figure, were like- 
wise calculated from shop tests, and are as follows: 


125 per cent. load — efficiency = 95.0 per cent. 
100 oe se — oe =_ 94.75 ce 

75 Me = 93-5 

50 = is - e = 92.0 

25 +r c— os = 89.0 


The rise in témperature for the continuous full load 
running is 35 degrees centigrade for all windings. The 
generator will also carry 125 per cent. load continuously, 
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Farmer at Piedmont station, Oakland, which is the ter- 
minus of the 143 mile line of the Bay Counties Power 
Company. The curve of electromotive force shows the 
impressed wave-form, which is but very little distorted 
and shows the effect of the line of capacity in peaking the 
wave. 

The current curve has extra waves at the top and is a 
little in advance. These extra waves were caused by the 
reaction of the synchronous motor into which the line 
was feeding. The motor is a three-phase 550-kilowatt 
motor made by the General Electric Company. It was 
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THE LATEST VIEW OF THE INTERIOR OF THE COLGATE POWER HOUSE. 


with a temperature rise of 45 degrees centigrade, and 150 
per cent. load for four hours without dangerous heating. 

The results show that the generator will meet all the 
electrical requirements in a more than satisfactory man- 
ner. 

Figure 8 gives a curve of electromotive force showing 
the no load wave form of this generator. It closely ap- 
proximates a sine curve and retains this form with but 
slight modifications for all loads. 

Figure 9 gives curves of simultaneous electromotive 


4 


force and current taken with the oscillograph by Mr. E. E 





subsequently run as a generator, and the curve of free elec- 
tromotive forcetaken. This curve was of the same general 
form as the current curve. It is a striking example indi- 
cating the advisability of choosing a synchronous motor 
having the same wave form as the generator. 

There has been published in an article by Mr. Edward 
Heitmann* a discussion of some very important considera- 
tions regarding the performance of inductor alternators, 
for although it has been in use for many years, and‘ has 
given universal satisfaction, the idea seems still to prevail 


a The Electrical World and Engineer, Volume XXXVIII, page 548 e¢ seg. 
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in some minds that the design is such that it will not 
lend itself to the requirements imposed by the various 
engineering conditions of the present time. The article 
referred to was written with the object of dispelling this 
unnecessary fear, and to convince those interested that 
this type of alternator, when 
properly designed ard con- 
structed, will readily meet 
the most severe conditions 
encountered in the opera- 
tion of generators of all sizes 
and types. 

It briefly discusses the 
electrical and magnetic 
features of this type of alter- 
nator, describes the mech- 
anical construction, and, 
perhaps of most importance 
to central station men, gives 
the characteristics and data 
of a few machines, among 
which are the 2000-kilowatt 
units of the Bay Counties 
Power Company, fully illus- 
trating the actual operation 
under working conditions. 

There are several mechan- 
ical and electrical details to 
be described which will be 
better understood and ap- 
preciated if the magnetic 
and electrical relation of the 
parts are first discussed. 
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and that both the armature and field coils are placed on 
the stationary part of the machine. The revolving ele- 
ment, usually called the ‘‘inductor,’’ consists of a steel 
mass of proper construction, the periphery containing 
polar projections which in sweeping past the armature 
windings induce therein an 
electromotive force. The 
exciting coil is usually a 
single stationary coil prop- 
erly disposed with reference 
to the magnetic circuit. It 
follows that all the poles on 
one side of the machine are 
of the same polarity. Fig- 
ure I represents a developed 


’ 





FIGURE |. 


portion of the armature sur- 
face with the corresponding 
poles. Let the direction of 
rotation and of the flux be 
as indicated by the arrows. 
The winding of one phase 
only is shown. With the 
poles in position 4, no elec- 
tromotive force will be in- 
duced in the winding. 
However, as they move 
/| toward the left, leg / of 





As in all other dynamo 
electric machines, the gen- 
eration of the electromotive force depends upon the induc- 
tive action of a magnetic field upon conductors placed in 
armature slots, but the distinguishing features are the 
disposition of this magnetic field in a plane parallel to 
and passing through the axis of the rotating member, 


THE HIGH TENSION SWITCHES ARE IN THE GALLERY ABOVE THE SWITCHBOARD. 


/} each coil is subjected to the 
action of the flux and gen- 
erates an electromotive force 
directed perpendicular to the plane of the paper and 
downward, which rises to a maximum when the poles are 
in position 2, and again falls to zero when the poles lie 
between legs / and //’, thus completing one-half of the 
cycle. The direction of the current is shown by the full 
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line arrows in figure 2. Leg // of each coil will now 
generate an electromotive force which, as before, will be 
directed perpendicularly to the plane of the paper and 
downward, and which will pass through a similar cycle. 

The broken line arrows in figure 2 
| ios indicate the direction of the 

current. Obviously this direction 

is reversed, and the second half of 
the cycle thus completed. 

If a second winding is placed in the slots midway 
between the winding shown, it will have induced in it an 
electromotive force differing in phase by 90 degrees from 
that in the first, and the whole will constitute a two-phase 
winding; similarly, with slots 60 degrees apart a three- 
phase winding is obtained. 

The armature winding of an inductor alternator is 
usually of the style known as concentrated windings, 
that is, all the conductors per 
pole per phase are placed in a 
single slot. Since the instan- 
taneous value of the electromotive 
force induced in such a coil is 
proportional to the strength of 
the magnetic field which it is cut- 
ting at that instant, it is apparent 
that with the pole shaped as 
shown in figure 2, and having an 
approximately uniform density 
over the entire pole face, the curve 
which represents the instan- 
taneous values of the electro- 
motive force throughout the cycle 
will not be a sine curve, but a flat 
topped curve, which comes to 
zero quite abruptly. An approxi- 
mation to a sine curve may be 
obtained by distributing the wind- 
ing in two or more slots per pole 
per phase, or by properly shaping 
the pole piece, so that the air 
gap density will vary in some 
definite way. Both of these 
methods will again be considered. 

Since with a fixed impressed 
electromotive force the magnetic fluxes through two par- 
allel paths are inversely proportional to their respective 
reluctances, it will at once appear that a field must exist 
between the polar projections as indicated in the lines 
‘Gin figure 1. This is the leakage field of the inductor 
alternator, and extends, as shown, from the armature sur- 
face between the poles to the iron parts beneath. 

The field rotates with the main field, and therefore 
reacts on that portion of the winding not under the pole 
. face, inducing an electromotive force opposed to that set 
up by the main field. Hence it is of importance to keep 
this field as small as possible. A method for accomplish- 
ing this will also be considered later. 

As has been shown before, all the poles on one side of 
an inductor alternator have the same polarity, hence the 
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armature teeth and iron are always magnetized in approx- 
imately the same direction. When the tooth is directly 
under a pole it is working at its maximum density. This 
decreases as the tooth emerges from under the pole, and 
becomes nearly zero when midway between the poles, in- 
creasing again to maximum when it is directly under the 
following pole, but always magnetized in the same direc- 
tion. Likewise in the armature body, excepting that 
here there is a slight change in direction owing to a small 
angular swing of the flux. Hence the direction of mag- 
netism is never completely reversed, as it is in other types 
of alternators, but merely increases from a zero to a max- 
imum value and again decreases to zero with a nearly 
constant direction. 

A thorough appreciation of this fact is necessary, for 
upon it depends, to a large extent, the economical design 
and good operation of inductor alternators. Since the 











THE OPERATING TABLE OCCUPIES A CENTER POSITION IN THE COLGATE POWER HOUSE. 


iron is worked only through a partial cycle, the iron losses 
must be extremely small if worked at ordinary low 
densities, or it can be worked at very high densities with- 
out bringing the losses up to those found in other types. 
Also, since the magnetic flux follows a radial path through 
the iron to the magnet bars, the radial depth of the arm- 
ature laminations is determined entirely by mechanical 
reasons. Ifthe armature and winding are designed with 
this point in view, the radial depth of iron can be made 
much less than in revolving field alternators. Having 
but a single coil for excitation, the copper required is 
reduced to a minimum, and therefore the field (C* R) 
losses are small. Owing to the low iron and field losses, 
and the extremely good ventilation obtained with the 
style of inductor adopted, the armature losses can be taken 
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high without loss in efficiency 
or excessive heating. It would 
at first appear that if only one- 
half of the winding is effective 
at a time, either the amount of 
copper or the amount of iron 
must be twice as great as in an 
alternator in which the whole 
- winding is active. However, 
the above shows that this is 
not the case, and, as a matter 
of fact, the active material in a properly designed inductor 
alternator is but very little in excess of that in other types. 
Another fact of interest is that working the teeth at such 
high densities as are pos- 





FIGURE 3. SECTION OF S. K. C. 
INDUCTOR ALTERNATOR. 
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the air gap gradually from a minimum at the center to a 
maximum at the outer edges, according to data determined 
theoretically and verified experimentally. 

The entire construction is of the most rigid character, 
at the same time the fibre strains are taken low so the in- 
ductor will stand an increase of speed of 50 per cent. with 
perfect safety. This robust construction, together with 
the fact that the revolving part contains no wire or other 
active material liable to injury, permits of the use of high 
peripheral speeds, which is a distinct advantage in design- 
ing electrical machinery in many instances. Surface 
speeds as high as 10,000 feet per miaute have been used 
in large high speed alternators. 

The metal at S, between the pole pieces, is entirely cut 
away. ‘The method of con- 





sible in inductor alternators 
results in a remarkable im- 
provement in the regula- 
tion. This will again be 
considered later. 

Enough has been said to 
show that the entire design 
tends toward a machine of 
good full load efficiencies, 
and owing to the low iron 
losses, one of very good 
efficiencies at partial loads. 
It will be shown later that 
the regulation can be made 
equally satisfactory. 

Figure 3 shows the sec- 
tion of an S. K. C.* alter- 
nator. The inductor con- 
sists of a cast steel spider 
and rim, 4, made either in 
two parts for small gener- 
ators or in four parts for 
large machines, these parts 
being securely and firmly 
bolted together to form a 
revolving element of rigid 
and safe construction. The 
hub is usually clamped to 
the shaft and held in place 
by either one or two keys. 

On the face of the rim 
the lugs, #, are cast, for the purpose of holding the lami- 
nations, VV, which form the pole pieces. ‘The method of 
securing these laminations to the lugs can readily be seen. 
C isa key fastered to the lug by a number of screws. 
The laminations are slipped over the key, C, the slot, D 
(figure 4), fitting snugly onto the same, and the whole 
held in place by the retainer, / (figures 3 and 4). 

The punchings, J, are always shaped so as tocause a dis- 
tribution of flux across the pole face, such that the induced 
electromotive force wave will have the closest possible 
approximation toasinecurve. This is effected by varying 


*S. K.C. are the initials of the individual inventors of this type of apparatus 
—Messrs. William Stanley, John F. Kelley and C, C. Chesney. 
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struction can more readily 
be seen and understood from 
some of the following cuts 
of generators. ‘This results 
in greatly increasing the 
reluctance of the leakage 
path, and therefore decreas- 
ing the leakage field in pro- 
portion. The effect of this 
field is therefore hardly ap- 
preciable, the flux itself 
never amounting to more 
than 5 per cent. of the main 
flux. The construction of 
the armature is in every 
way as rigid and substantial 
as that of the inductor. 

The steel bars, /, are 
called magnet bars, and 
serve the purpose of carry- 
ing the magnetic flux. The 
inside rings, G, are first 
placed over them and held 
apart by the washer, /. 
The armature punchings, 
A, are then slipped over the 
bars and finally held in place 
by the outside rings, Z. 





Heavy steel stiffeners, 47, are 
placed at each end of the lami- 
nated iron. 

It may be noted here that with 
the exception of the rings G and 
L, all the metal is active, that is, 
is utilized for carrying the flux. 
This type of alternator therefore 
requires no additional cast iron 
or steel structure to carry the 
armature iron, so with the reduc-__ | 
tion in the weight of the lamina- 
tion made possible by the use of "REUoroe atennaror. 
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high densities, as before explained, the weight of an in- 
ductor alternator will not be greatly in excess over the 
weight of a revolving field type having the same charac- 
teristics. 

After assembling in the manner described, the coils 
which make up the armature windings are placed in the 
slots. ‘The coils are machine wound. ‘They are carefully 
and thoroughly treated with insulating compounds, 
wrapped with a special insulating material and baked 
before they are placed in the machine. 

The winding is of the style generally known as a con- 
centrated winding. Owing to the specially shaped pole 
pieces it becomes unnecessary to distribute the coils in 
this type of alternator to 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


67 


field and the number of turns. Hence, if the reluctance 
and current remain constant, the counter electromotive 
force will vary as the square of the turns per slot. For 
this reason it might at first appear that the above con- 
tention were true, and that distributing the windings in 
two or more slots per pole per phase, the self-induction 
must be greatly decreased. 

As the number of slots is increased, the reluctance can- 
not be kept the same for the reason that will at once 
become apparent. For the sake of simplicity consider 
that the field set up by the armature ampere turns has 
two paths, one across the siot and the other around it. 
The reluctance of the path across the slot is inversely 

proportional to the depth 





obtain a sine wave of elec- 
tromotive force and all the 
advantages of a _ concen- 
trated winding can be fully 
realized. It permits of the 
maximum insulation with 
minimum expenditure of 
room, ensuring perfectly 
reliable insulation for all 
voltages. When it is known 
that for some potentials 
about 40 per cent. of the 
slot is taken up with insula- 
tion, it will readily be seen 
what an important item this 
is in the economical design 
of alternators. It permits 
of readily removing a coil 
for repairs without disturb- 
ing a large number of other 
coils. In most machines of 
this type under discussion 
the coils can be dropped 
down between the _pole- 
pieces and then drawn side- 
ways, thus making it pos- 
sible to remove a coil with- 
out disturbing any other 
part of the machine. Slid- 
ing armatures, therefore, 
are altogether unnecessary. 

The claim is often made that owing to the concentrated 
winding the self-induction of the armature circuit must be 
extremely high, and that, therefore, the regulation of 
this type of alternator must be very poor on inductive 
loads. A consideration of the following facts will show 
that this claim does not hold good. When a current 
flows through the armature conductors, it sets up a field 
surrounding these conductors, varying with the current, 


and thus inducing an electromotive force in the armature ° 


winding known as the electromotive force of self-induc- 
tion, or counter electromotive force. The field is directly 
proportional to the ampere turns in the slot and inversely 
proportional to the reluctance of the flux path. The 
counter electromotive force is directly proportional to this 
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and directly proportional to 
the width of the slot; in 
other words, this leakage 
field is much greater for a 
narrow and deep slot than 
for a wide and shallow one. 
For reasons given before, 
the slots in an inductor al- 
ternator can be made wide 
and shallow, the ratio of 
depth to width rarely ex- 
ceeding 1.5, while with a 
distributed winding the 
slots must be made narrow 
and deep to accommodate 
the extra insulation re- 
quired and to keep the 
machine from becoming ex- 
cessive in size. In this type 
of machine the ratio of 
depth to width is usually 
three or more. The leakage 
around the slot is inversely 
proportional to the reluct- 
ance of this path. The fact 
that the teeth are worked at 
such high densities in in- 
ductor alternators makes 
the reluctance of this path 
very great. All this goes 
to show that the field which 
induces the counter electromotive force of self-induction is 
very little, if any, greater in an inductor alternator than 
in a revolving field alternator, as usually designed. If 
the ends of the coils lie in close proximity to the iron, as 
they usually do, there will be considerable self-induction 
in these parts. ‘This can be reduced by splitting the coils, 
which is possible with a two-coil per slot winding, as is 
now used entirely for voltages up to 6000. 

The slight reduction of the coefficient of self-induction 
due to distributing the winding is made manifest by the 
following: The coefficient of a machine having slots 1% 
inches wide by 1;; inches deep and 60 conductors per 
slot was measured and found to be .085 henries. New 
armature punchings were made and the 60 conductors 
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distributed in three slots, each 
slot % inch by 13} inches. 
The coefficient was then found 
to be .076 henries, a reduction 
of 10 per cent. 

Another important factor 
which causes a drop in voltage 
is armature reaction. To illus- 
trate more easily the effect of 
this reaction, assume that there 
is noC R drop in the armature, 
and that the current is entirely 
wattless, that is, lagging 90 
degrees behind the electromotive force. The counter elec- 
tromotive force will then be in direct opposition to the 





FIGURE 5. SATURATION CURVES. 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


[Vol. XII—No. 4 


tion curve effects a marked improvement in their regula- 
tion, and especially for inductive loads. 

For reasons given before, the armature teeth can be 
saturated, the core worked at very high densities, and, 
owing to the very short magnetic circuit, all other parts 
of this machine can be worked at high densities without 
unduly increasing the energy required for excitation. 
The inductor alternator, therefore, not only regulates 
well on non-inductive loads, but also regulates remarkably 
well on inductive loads. 

The field coil, shown at O (figure 4), is made up of a 
wire or strip winding enclosed on three sides by a heavy 
brass bobbin, P. A ventilating space, A, is left in the 
middle, separating the winding into two parts. Air is 
forced through this space, as well as around the sides of 
the bobbin, by the poles of the 
revolving inductor. The wind- 
ing is thoroughly insulated 
from the brass bobbin, while 
the latter, due to its secondary 
action, when the field circuit 
| is broken, insures the coil from 
all danger of breaking down 
when discharged. Having 
but a single coil amply de- 
signed, thoroughly ventilated 
and stationary, the risk of this 


























FIGURE 6. 


induced electromotive force, and the armature ampere 
turns directly opposed to the field ampere turns. 

Let A and B (figure 5) be two saturation curves. In 
A the machine is worked above the knee of the satura- 
tion curve and in B at the knee of the curve. The 
induced electromotive force is 2500 volts in both cases, 
and the armature ampere turns are 2000. The field 
ampere turns are 9300. Since with a wattless load the 
armature ampere turns are directly opposed to the field 
ampere turns, the resultant ampere turns will be 
9300—2000=7300. ‘These are equivalent to 2240 volts 
for A and 2140 volts for B; that is, the drop in voltage 


due to armature reaction is greater by 100 volts for the - 


machine worked at the lower point. Assuming the 
counter electromotive force to be 100 volts for both 
machines, the total drop will be 360 volts, or 14.4 per 
cent., for A and 460 volts, or 18.4 per cent., for B; that 
is, working generators well above the knee of the satura- 
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member becoming disabled is 
very slight indeed. 
Sometimes, in large high 
speed generators, it becomes 
impossible, for mechanical 
reasons, to use the ‘‘magnet 
bar’’ construction. ‘The type 
illustrated on page 69 and in 
figure 7 is resorted to. The 
Fy inductor does not differ from 
that described before. For the 
armature, a cast steel ring, as 
shown, takes the place of the 
magnet bars and end rings, 
while the punchings are held in place by means of dove- 
tails and keys similar to those described for securing the 
pole punchings. In all other respects this type corresponds 
with that previously discussed. Figure 7 illustrates the 
principles of the 2000-kilowatt, 240 revolutions per minute, 
generator of this type built for direct connection to a Ris- 
don water wheel, and as used at the Colgate power house. 
While the same general feat- 
ures must be considered in 
selecting transformers as in ae 
selecting gen- | 
TRANSFORMERS. erators, and | 
the question 
of regulation still remains an 
important factor in connection | 



























































with transmission systems, the 
question of proper insulation 
undoubtedly becomes the one 


























FIGURE 7. 
WATT GENERATOR. 
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of greatest importance. Fortunately, in designing trans- 
formers to overcome the difficulties inherent to insulating 
for extreme potentials, the other features, such as regu- 
lation, heating, etc., are directly benefited. Since the life 
of the insulation depends largely upon the temperature to 
which it is subjected, the method of dissipating the heat 
due to the copper and iron losses thus becomes second in 
importance. 

In considering the losses, due regard should be paid 
not only to those that will occur under normal conditions, 
but also to those that will occur under abnormal con- 
ditions, for instance, such as may be caused by periods of 
heavy overloads, repeated short circuits, or a failure in 
the auxiliary cooling apparatus. Any of these things 
may occur, and still the transformer should remain in 
service uninjured. 

Oil, besides being a remarkably good insulator, is an 
extremely efficient cooling agent, inasmuch as a few 
degrees difference in temperature between the oil at 
the center and top of the transformer will cause the 
oil to circulate between th2 coils, thus carrying of 
the heat geiierated and dissipating it either by 
radiation from the surface of the tank or by some 
artificial means. 

But for the fact that self-cooling transformers 
are impractical for large units, owing to their in- 
creased cost, a self-cooling, oil 
insulated type could be adopted. 
It therefore becomes necessary to 
select a type which is artificially 
cooled, either by air blast or by 
water. 

Since for high voltages it is 
desirable to retain the good insul- 
ating qualities of the oil, the air 
blast method cannot be employed, 
and a water cooled, oil insulated 
transformer should be adopted for 
large units. Besides, where the 
motive power is derived from 
water, the installation and main- 
tenance of the cooling appliances, 
consisting of supply and drainage 


piping, is extremely cheap. while the amount of water 


used is extremely small. Moreover, an increased water 
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FIGURE 8. NO LOAD WAVE FORM OF 2000-KILOWATT INDUCTOR ALTERNATOR. 
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supply will permit of carrying heavy overloads for an ex- 
tended time without injury to the installation. Again, as 
pointed out before, the oil itself is a good cooling agent, 
thus making it possible to run this type of transformer for 
a considerable period without the use of artificial cooling 
should the water supply fail. 

The design must permit of a free circulation of the oil, 
at the same time insuring a perfectly rigid mechanical 
construction which will withstand the rough handling 
that is liable to occur in transit over railways and difficult 
roads, especially in mountainous districts. 

An oil insulated water cooled transformer, besides pos- 
sessing all the essential features, has the additional ad- 
vantage of lowest cost per kilowatt output and per 
















PERSPECTIVE VIEW OF 2000-KILOWATT INDUCTOR ALTERNATOR MANUFACTURED BY THE STANLEY 
ELECTRIC COMPANY FOR THE BAY COUNTIES POWER COMPANY. 
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FIGURE 9. OSCILLOGRAPH CURVES OF ELECTROMOTIVE FORCE AND CURRENT 
TAKEN AT OAKLAND, CAL., 143 MILES FROM POWER STATION, 
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volts. Each coil consists of 73% turns of strip 
copper wound with one turn per layer. ‘The 
potential between adjacent layers is very low and 
the layers are separated by heavy insulation, 
securing perfect reliability from internal short 
circuits. The coils are assembled in groups of 
two, being separated by micanite slabs which ex- 
tend above the strip, as shown, to prevent arch- 
ing between coils due to the existing difference 
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of pote :tial, insulation being filled in to bring the 
coils to a level with the micanite so that they may 
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5 be readily taped together and insulated, thus 
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forming one main coil. All the coils are con- 
nected in series, as shown in figure 13. 

The low voltage winding is subdivided into 
eight coils. Each coil consists of 19% turns of 
strip copper wound with one turn per layer, each 
turn consisting of three conductors in parallel. 
The coils are insulated and grouped in a similar 
manner to the secondary coils and connected, as 
shown in figure 13. 

With such a subdivision of the coils as above 
described they can be made deep and narrow, 
thus insuring good radiation and low individual 
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FIGURE 10. CURVES SHOWING ELECTRICAL CHARACTERISTICS OG 2000-KILOWATT 


INDUCTOR ALTERNATOR. 


kilowatt installed, making by far the most desirable type 
for high tension long distance transmission systems. 

The following description of the 700-kilowatt 60 periods 
per second transformers, built by the Stanley Electric 
Manufacturing Company and installed at the Colgate 
power house of the Bay Counties Power Company, will 
fully illustrate the many advantages of this type of trans- 
former. . 

These transformers at present step-up from a generator 
pressure of 2300 volts to a line pressure of 40,000 volts. 
They are, however, designed for an ultimate line pres- 
sure of 60,000 volts, with taps brought out for 40,000 and 
50,000 volts. The transformers themselves are wound on 
the low tension side for 2300 volts, and on the high ten- 
sion side for 34,675 volts, with taps brought out for 28,925 
volts and 23,175 volts. 

Each unit consists of a group of three transformers, as 
shown in figure 11, with delta connection on the 
low tension side and star connection on the high 
tension side. The neutrals ofeach group are con- 
nected on the high tension side to a common 
ground, thus keeping the insulation strain within 
the limit of 35,000 volts. 

Figure 12 shows a cross-section of the trans- 
former, the iron being built up so as to form a 
complete shell around the coils, and the construc- 
tion being known as the shell type. 

With such high potentials it is necessary to 
adopt a large number of coils in order to reduce 
the electromotive force per coil. As shown, the 
high voltage winding is divided into 16 coils, thus 


. . . FIGURE 
reducing the maximum pressute per coil to 2167 





400 


heating. With a few turns per coil the leakage 
field surrounding the coil is small; thus the elec- 
tromotive force of self-induction of each individ- 
ual coil is low and the regulation of the transformer is 
therefore vastly improved, especially on inductive loads. 
Also, with a low leakage field and the narrow laminated 
strip used, practically all the foucault or eddy currents 
are eliminated in the copper. 

The high and low tension groups are sandwiched, as 
shown, and are supported and held in place on the core 
by means of wood blocks and wedges. As is well under- 
stood, this thorough interleaving of the coils is necessary 
to obtain a proper interlinking of the magnetic flux with 
all windings. The groups are separated by mica slabs 
and spacing blocks, the slabs projecting beyond the coils 
to prevent arching, and the construction being such as to 
permit of a free circulation of the oil between the coils. 
The material employed for insulating and supporting the 
coils from the core consists entirely of kiln drizd wood 
and mica, both absolutely indistructible at any temperature 
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DIAGRAM ILLUSTRATING CONNECTIONS OF GROUP OF THREE TRANSFORMERS 
IN COLGATE STATION, BAY COUNTIES POWER COMPANY. 
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possible in these trans- 
formers under the 
worst conditions. The 
transformer is entirely 
supported by the cast- 
iron base and has no 
connection whatever 
with the sides of the 
case. 

The main leads are 
brought up to wooden 
terminal boards, rigid- 
ly supported above the 
coils, these also hav- 
ing no connection 
with the case. Thus 
the design is thor- 
oughly rigid and sub- 
stantial, while at the 
same time the trans- 
former may be re- 
moved from its case 
for inspection with the 
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least expenditure of FIGURE 12. SECTIONAL ELEVATIONS OF 700-KILOWATT TRANSFORMER. 
labor. 

The cooling appliance, consisting of a few 
turns of brass pipe, as shown in figure 14, is 
supported from the sides in the upper part of 
the case. Through this pipe there is constant 
flow of cool water, varying from one and one- 
half to two gallons per minute according to 
the load. The oil as it circulates up between 
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PERSPECTIVE VIEW OF TRANSFORMER. 


the coils, conducts the heat to the cool surface of the pipe 
coil, transmitting it to the water which carries it off. As 
stated before, the circulation of oil is automatic, being 
due to the difference in temperature of the oil at the cen- 
ter and surface. 

The leads from the terminal boards for connection to 
the line are brought out through the cover in heavy 
porcelain insulators, the high voltage ones being specially 
designed with a large surface to prevent all possible leak- 
age to the case. 

All the iron parts of the transformer are earthed, the 
core being grounded to the base through the iron legs 
which support the transformer, and the base itself being 
thoroughly grounded, removing every possibility of 
accident to the attendant. 

Figure 15 gives some of the main electrical character- 
istics for this transformer, calculated from data obtained 
from shop tests. 

The efficiencies given below are remarkably good at all 


loads. They are: 
98.6 per cent. at 125 per cent. load. 
95.5 = ** 100 = 
98.400" “75 
97.5 . 50 
96.2 7 5 7 


That the transforme: more than meets all regulation 
requirements is shown by the following: 


At full load and roo per cent. power factor, regulation is .7 per 
cent. 

At full load and go per cent. power factor, regulution is I.9 per 
cent. 

At full load ani $0 per cent. power factor, regulation is 2.4 per 
cent. 
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At full load and 70 per cent. power factor, regulation is 2.6 per 
cent. 

The rise in temperature of the oil after full load run of 
twenty-four hours did not exceed 35 degrees centigrade 
above the air, while the transformer will carry 25 per 
cent. overload with a rise of 45 degrees centigrade, 
besides carrying larger overloads without dangerous 
heating. 

The insulation tests given to the transformer were as 
follows: 


Seventy-five thousand volts between high tension winding and 
iron for one minute. 

Seventy-five thousand volts between high tension winding and 
low tension winding for one minute. 

Thirty-seven thousand volts between low tension winding and 
iron for one minute. 


BUILDING THE DAM AT LAKE FRANCES, 

Some of the old time operations of the miners for placer 
gold and the use of the hydraulic ‘‘giant’’ have suggested 
an ingenious method of constructing dams for reservoirs 
in the West. The hydraulic giant was found to be a most 
effective and powerful agent in removing even compact 
bodies of earthen material. A stream of water brought 
from an elevation under great pressure and directed 
against the face of a hillin which gold was supposed to 
be tore its way into the mass with tremendous force, cut- 
ting out large amounts of the material and washing them 
away, the waste water assorti:.g the fine from the coarse 
particles. The sand and gravel thus washed away was 
carefully examined for the precious metal. 

Of recent years hydraulic power has been employed to 
almost reverse this process. Engineers, appreciating the 
great transporting and assorting power of water used in 
this way, have availed themselves of it to build up instead 
of tear down the land; and by carefully guiding the 
material loosened by the force of the water they have been 
able to accumulate and arrange it almost at will. The pro- 
cess has been found especially useful in the construction 
of dams. For example, if an earth dam is to be built, the 
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material rolled along by the water is carried in flumes to 
the selected spot. On leaving the flume small boulders 
and coarse gravel are at once deposited. The sand flows 
on farther, and the fine mud is carried in suspension for 
considerable distances. It is thus possible to deposite the 
gravel on the outer slope of the dam and the finer material 
in the center, thus making a central impervious clay wall 
and heavy coating of coarser gravel on the upper and 
lower faces on the dam. ‘The material being deposited 
under water is thoroughly compacted, and there is less 
danger of settlement or of porous layers being formed 
than in the case of dirt placed by carts or scrapers. A 
number of dams, notably in southern California and in 
Texas, have been built with extraordinary speed and 
small expense in this way, and even high railroad em- 
bankments have been constructed in like manner. 

In central California the most noteworthy instance of 
hydraulic dam building which exists is afforded in the 
- work at present under way by the Bay Counties Power 
Company at Lake Frances, a few miles above the Colgate 
power house. The progress of the work is admirably 
shown in the three half-tone illustrations appearing on 
pages 60, 61 and 62 of this issue. 

Lake Frances, which has a storage capacity of nearly 
93,000,000 cubic feet of water, is essentially an emergency 
reservoir, as it is to be drawn upon only in case of acci- 
dent to the main flume supplying the power house at 
Colgate. The altitude of Lake Frances above the main 
flume is 382 feet, the lake being filled by Dobbin’s Creek. 
When the supply of the lake is drawn upon, water is 
carried thence through a pipe line and rapid flume for a 
distance of two miles, as described heretofore,* and 
delivered into the penstock supplying the five pipe lines 
leading to the power house. Water for the operation of 
the hydraulic giants used in building the Lake Frances 
. dam is taken from Dobbin’s Creek, and the procedure 
seems to be so fully portrayed in the illustrations given 
that further description appears redundant. It is inter- 
esting to note, however, that this method of construction 
of dams is being made the subject of study by the Division 
of Hydrography of the United States Geographical Sur- 
vey in connection with investigations as to the feasibility 
of reclaming the arid lands of the West. 





A SUGGESTION IN INCLINED PIPE LINES.* 
BY LUTHER WAGONER, M. E. 


HE topography of the Sierra Nevada mountains in California 
has made possible the use of water for power development 
under extremely high heads. In one instance a water 

pressure from 1400 feet of head is being employed, and a plant to 
use 1700 feet head has been projected. 

Where the quantity of water used is comparatively small, the 
construction problems have presented no special difficulties; but 
the increasing use of very large volumes of water under very high 
heads has made the cost of installation of the water power plant a 
matter requiring much more consideration than with the smaller 
plants. 

The writer, associated with Mr. J. R. Price, C. E., was lately 
called on to plan the construction of a large power plant, utilizing 


. *From the Mining and Sctentific Press, Volume |X XXIII, page 270, Decem- 
er 21, gO. 
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the water of the North Yuba River, in Yuba County, Cal. The 
plans provided for the utilization of 315 second feet of water with 
a drop of 1000 feet from the intake to the water wheels in a dis- 
tance of 4000 feet. A single pipe to carry this quantity of water 
would have to be 7 feet in diameter and it would require a thick- 
ness of metal at the lower end of 1% inches, which is not practi- 
cable. The method generally used in California under such 
conditions would be to divide the water among a number of pipes 
so as to reduce the thickness of the metal. Assuming %-inch as 
the limit of thickness for riveted work, and taking the working 
strain for the iron at 12,000 pounds, there would be required to 
carry the water three pipes of 48 inches diameter. The metal for 
the three pipes would weigh about 2100 tons, which would cost in 
place about $240,000, exclusive of the drum and branch pipes to 
the wheels in the power house. To avoid this heavy cost and 
insure a safer construction and a saving of 1.2 per cent. of the 
power from loss as extra friction in the three pipes over what it 
would be in one, we devised the following plan of construction: 
The country rock along the slopes from the intake to the power 
house is a firm, massive diabase, and it is only a short distance 
from the surface to solid rock. At the power house it would be 
proposed to excavate down to the solid rock for a foundation and 
to sink a circular shaft, say 100 feet deep, in the rock. From the 
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bottom of this a drift would be run each way under the power 
house. Also, there would be run an inclined upraise about 8 feet 
in diameter parallel to the surface of the hill slope a distance of 
4000 feet to the intake end of the conduit at the head box on the 
canal. This upraise would be constructed through several short 
adits from the hill slope, which would later be closed with con- 
crete next to the upraise. The upraise would be lined with a sheet 
steel lining ;°,-inch thick, made in 6-foot lengths, to slip-joint in 
place after being well dipped in asphaltum. The space between 
the outside of the pipe and the wall of the rock would be well 
rammed with concrete. The purpose of the light pipe is to 
prevent leakage. Reliance is had on the solid rock and the con- 
crete filling for strength to resist the static pressure. 

Under the power house a similar construction of thin metal 
pipes in concrete backing to the solid rock will divide the main 
into three vertical 48-inch pipes, which will rise about 50 feet 
from the short drifts described above, and then branch into two 
30-inch diameter, lapwelded and flanged pipes, which will enter 
the power house through the floor and deliver water to the wheels. 

The plan would provide a construction which the accompanying 
sketch will illustrate. It would seem to eliminate the possibility 
of accident to the water conduit line. The cost of this work com- 
plete we have estimated at about $126,000, as against $280,000 for 
three 4-foot pipe lines laid on the surface in the usual manner, 
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EDITORIAL. 


The incentives that have spurred men 
on to do great things in the Far West 


= have become oft-told tales, especially in 
NATURAL : _ 
so far as gold seeking is concerned. So, 
CAUSES. 


too, do we weary of the stories that have 
been related attributing the wonderful 
development of transmission engineering to the high- 
priced fuel and the favorable climate of California. The 
fact that the highest attainments in the transmission of 
power by electricity have been reached in California is 
patent and speaks for itself, yet by no means all engineers 
of even America know it, or, knowing it, but a very 
meagre few appreciate the reasons of its being. In truth, 
we come to believe that the world knows but little of the 
Pacific slope of the American Union, and even the en- 
gineering world, so generally discerning, too often regards 
it with the clouded perception of ignorance. 

Let us, then, take any given locality—Tulare County, 
in California, for instance, will do as well as any other. 
In it the Mount Whitney Power Company ever prospers 
and grows in the business of wresting energy from a 
mountain stream, and, through the beneficence of electric 
transmission, delivering it to orchard and fallow, and, may- 
hap, to every industry. Let us take this community, 
albeit small, and trace its history from its, to us, beginning, 
now barely over half a century ago. Let us learn of its 
settlement, its productiveness, its topography—in brief, of 
its marvels—and so let us come into aclearer understand- 
ing of that high plane of civilization into which this erst- 
while wild and woolly Western country of ours has 


developed. 
Fad 


About December 1, 1850, a little band of fifteen men, 
under the leadership of a man named Woods, with saddles 
and pack animals, some arms, and implements for build- 
ing, located on the south bank of the Kaweah River, 
seven miles east of the present city of Visalia. A few 
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miles to the east of this point, in the foothills of the 
Sierra Nevada Mountains, there dwelt a tribe of Indians 
noted at that day for their savage hostility to the settlers 
along the coast, upon whom they had made frequent raids, 
driving to their homes such cattle and horses as they 
could steal. Some of these Indians had lived at the mis- 
sions and ranches along the coast and could speak the 
Spanish language sufficiently to make themselves under- 
stood. 

With the characterisiic hardihood of the American 
pioneer, and doubtless lured by the wonderful fertility of 
the soil and beauty of the oak groves along the Kaweah, 
which from the days of Fremont to the present time have 
excited the wonder and admiration of all, Woods and his 
sturdy little band braved the danger of massacre for the 
sake of a new land which excelled in fertility anything 
they had ever seen. It was not mines that drew 
them like a magnet to their fate in a day and time when 
mining was practically the only industry of a golden west, 
for no gold had been discovered on or near the Kaweah. 
It was the native fertility of a land watered by this stream 
and its three branches which in those early times made 
this locality famous throughout the valley. 

The winter of 1850-51 being mild and pleasant, as 
winters always are in that vicinity, these men progressed 
well with their improvements. They constructed a sub- 
stantial log house, cutting oak trees for the purpose, 
splitting oak logs for the roof and hewing timbers for the 
rafters and doors. But toward spring the peace of their 
dreams was rudely disturbed by an Indian named Fran- 
cisco appearing at their little settlement with a number of 
his braves, and, in broken Spanish, notifying the settlers to 
leave that section of the country within ten days on pain 
of death. They agreed to go, but evidently with reluc- 
tance and with the intertion of soon returning, as they 
buried their provisions and such farming implements as 
they possessed. They then proceeded to gather their 
stock. While thus engaged the tenth day passed and the 
Indians returned to fulfill their threat. Ten of the party 
were killed while hunting stock. Two made their escape, 
one of whom was wounded. ‘The savages then approached 
the house where were Woods and another. ‘They pro- 
fessed friendship, and thus removed the apprehension of 
their victims, unconscious of the fate of their fellows. 
One of the whites was asked to hold up a target that the 
Indians might display their skill with the bow and arrow, 
and complying with this was shot to death by the treach- 
erous redskins. Woods fled to the cabin and fastened the 
door and defended his life bravely, killing seven of his 
adversaries before his supply of ammunition gave out, 
leaving him in the power of the cruel savages, who, when 
they found that he was without further means of defense, 
broke into the cabin, captured, bound and tied him to a 
tree, and, while defying his torturers, his skin was taken 
from his body. ‘The facts as to the fate of Woods and 
his companions were afterward gleaned from the Indians 
themselves, who were never punished, though many of 
them, including Francisco, the leader, lived for several 
years thereafter in that locality. 
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Thus was Tulare County baptized in blood. Thus did 
the first settlers of our great Kaweah delta risk all and 
lose all in the at:empt to turn to man’s benefit the won- 
derfully fertile soil, the beauteous groves of stately oaks 
and the salubrious climate of what has since justified their 
choice by proving to be a veritable garden spot in the 
richest valley of the. world. 

About a year after this tragedy Tulare County was 
created, and the spot where Woods so bravely died estab- 
lished as the seat of justice, under the name of Woods- 
ville, from which point it was soon removed to Visalia, 
the present county seat. 

The old times and all but very few of the old settlers 
have gone. The energy and nerve that was once ex- 
pended in subduing the wild Indian and overcoming the 
natural lawlessness of the pioneer times is now expended 
in the development of these natural resources which 
attracted Woods and his band from the mines of Mariposa 
to the pastures and groves of Tulare. The wild Indian 
has vanished. Peace and prosperity now fill the soul of 
man with an ambition for still greater advancement. 
Here in the center of the delta of the Kaweah our city has 
grown and prospered greatly. ‘The soil of this delta was 
formed by the alluvial wash of the streams. Before the 
coming of white men, while these streams ran at will, 
they filled up old channels and made new ones, and at in- 
tervals of high water flooded the country. There was 
thus ever a renewal and renovation of the soil that caused 
its wonderful fertility and adapted it to the production of 
deciduous fruits, alfalfa and other forage plants, and of 
vegetables. 

& 

A prosperous and tributary country laid broad and deep 
the substantial business foundation of the little settlement 
of nearly fifty years ago which has now developed into 
the growing, energetic and thrifty community known to 
the world as Tulare County, California, and containing 
as its principal center the prosperous city of Visalia. In 
early history Visalia was the only interior town between 
Los Angeles, 250 miles to the south, and Stockton, 150 
miles north. There are hundreds of cities, towns and 
villages between these points now, but Visalia remains 
one of the best and most prosperous. Stockmen in time 
gave place to farmers, and grainfields waved where un- 
tended flocks and herds formerly fed and fattened, and 
railroads were built to carry away the millions of bushels 
of wheat annually harvested. 

Then came the fruit grower to make the land more pro- 
ductive, and now Visalia is surrounded by thousands of 
acres of prolific orchards, the products of which, green, 
dried and canned, are transported to distant markets dur- 
ing the fruit season in train load lots daily. In the sur- 
rounding country grain is still produced largely and stock 
raising is an important industry, but all kinds of stock are 
highly bred and pastured in green fields of alfalfa, which 
alternate with orchards and farms for miles on every side. 
It is such a productive surrounding territory, every acre 
of which may be made to yieid profitable returns, that 
has made Visalia a thrifty business center, and assures 
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the permanence of its future as such. It is the county 
seat of the rich county of Tulare, which comprises a wide 
section of the western slope of the Sierra Nevada and of 
the level San Joaquin valley or plain, and has an area of 
4935 square miles. It is an incorporated city of 3500 in- 
habitants, orderly, and with a good municipal government. 
The business streets are paved with asphalt and the graded 
sidewalks of the greater part of the municipality are wide 
and clean, and in the residence portion lined with shade 
trees of many varieties. The streets are well lighted, as 
are business houses at d residences, by electricity. 
& 

Many years ago, when horticulture in California was in 
its infancy, when prices of all kinds of fruits were ex- 
tremely high, and when to the fortunate owners of the 
first deciduous orchards to come into bearing was pouring 
in an unprecedented harvest of wealth, a stimulus was 
given to the industry that caused the wholesale and in- 
discriminate planting of fruit trees of all kinds throughout 
the State. The particular requirements of different 
varieties in the way of climate and soil were unknown, 
and many unsuccessful and costly experiments were made. 
Time and experience have demonstrated the fact that the 
locality adapted for the cherry or the walnut may not do 
at all for the prune or the pear; that, in short, each variety 
requires special co'.ditions in order to realize its highest 
possibilities of growth, yield and quality. 

The era of experiment has now passed. ‘The fabulous 
returns of former years are no more. The fruit industry 
has gravitated until it is upon a strict business basis. 
The orchard in the wrong place does not pay; but, on the 
other hand, that the orchard in the right place does pay, 
and pay extremely well, and will continue to doso is now 
a known certainty. Formerly, when it was supposed that 
fruit of any kind would grow to perfection anywhere in 
California there was the fear of over production. Now 
that it is known that the localities especially and particu- 
larly adapted to the different varieties of fruit are limited 
in area, prices have reached a stable equilibrium, com- 
petition from unfavored localities is not to be feared, and 
over production no longer threatens. 

Experience has shown that the Kaweah delta in the 
vicinity of Visalia is especially adapted to the production 
of certain deciduous fruits, and that the production of 
those fruits in this vicinity has been very remunerative. 
The soil is, of course, ax alluvial loam, very friable, of 
great depth. Except in a few sinks the strong alkaline 
elements of the soil have been washed to lower levels, 
leaving, however, a soil rich in nitrates and in potash, an 
element upon which deciduous fruit trees largely draw. 
Coupled with the natural perfect conditions for tree growth 
of soil and moisture, the climatic conditions are so ex- 
tremely favorable by reason of the warm early spring, 
summer nights not too cool to check growth, and a late 
fall, that trees have the advantage of a longer growing 
season than in almost any other section of the State. 

od 

And as to scenery, the highest mountains, the deepest 

canyons, the largest trees, and the finest trout streams in 
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the nation are in the Sierra Nevada Mountains just back 
of Visalia. This sounds boastful, but one moment will 
convince. Mt. Whitney, over 15,000 feet high, is located 
in Tulare County. Look at the atlas and see if Mt. 
Whitney is not the highest mountain in these United 
States, excepting outlying territories. Now about the 
deepest canyons. The greatest view in Yosemite Valley 
is obtained from Glacier Point, where one can stand and 
look down into the valley below for 3200 feet. Just come 
with the writer to Whitney and look down from its sum- 
mit to Lone Pine. It isso far that you can distinguish 
nothing with the naked eye, but take a glass and you can 
trace the line of trees and see something that may be 
houses. It is 11,000 feet downto Lone Pine. Is there a 
place on earth that can duplicate such a scene? 
we 

Regarding the largest trees, Giant Forest lies fifty- 
seven miles east of Visalia, and is reached by stage line 
from Visalia direct to the forest over a road built with 
money appropriated by Congress for that purpose. This 
congregation of giants occupies an area of three miles 
square on an elevated plateau east of the Marble Fork ot 
the Kaweah River. It is estimated to contain more than 
three thousand sequoias, whose circumference will exceed 
fifty feet‘and which tower more than 300 feet above the 
ground. The General Sherman in this forest is the 
largest tree in the world. At its base it is 100 feet in 
circumference, and five feet above the ground it measures 
84 feet 3 inches in circumference, and this size is main- 
tained for probably 200 feet. Graups of six to a dozen 
trees 60 to 75 feet in circumference are frequently found. 
The tallest tree is 405 feet high, while one fallen monarch 
310 feet in length reaches entirely across crescent meadow. 
In one of the burned trees there is a space 11 feet by 6 
feet 7 inches, and twenty-two people can stand shoulder 
to shoulder around the inside. The altitude of the spot 
where the General Sherman stands is 7100 feet, and the 
forest will range from 6500 to 7400 feet in elevation. 
The other trees growing in the forest beside the seguoia 
gigantea are sugar pine, silver fir, cedar, yellow pine and 
Douglass pine. They all grow to immense size and are 
veritable monarchs of their kind. 

Then as to the trout streams. Did you ever catch trout 
that were of golden color? Nota dull lifeless golden, but 
the flashing beautiful color of the pure gold itself? In 
Golden Trout Creek, near the base of Mt. Whitney, you 
can catch them, and nowhere else on this globe can you 
find them. More than that, in every stream from the 
smallest rivulet to the roaring Kern River you can catch 
mountain trout in almost unlimited quantities. 

ed 

Now that our case is proven, let us tell briefly in the 
language of one who has traveled through this nature’s 
wild playground, what other beautiful and interesting 
things are found in these regions. 

‘*Four hours’ ride from the Giant Forest are the lovely 
Alta meadows, nearly 10,000 feet above the level, brook 
bordered meads, deep in grass, brilliant with wildflowers. 
And here, while the unsaddled beasts crip the tender 





[Vol. XII—No, 4 


herbage and Master Cook bestirs himself in the camp, 
pitched under yonder tamaracks’ pleasant shade, we will 
go out upon this projecting rock and look upon such a 
spectacle as is not matched elsewhere in all the beautiful 
world. Panoramic Point, they named it well who first 
stood here, enraptured, and gazed upon the wondrous 
scene. ‘There, bathed in the splendor of the falling sun, 
are the mighty Kaweah peaks, towering 14,000 feet in air, 
In yonder wild and jagged peaks, high above the clouds, 
the Middle Kaweah has its sources. ‘There to the north 
are the lofty Alta peaks; and here to the south old Saw 
Tooth looks down upon the Mineral King Range. Yon- 
der is Farewell Gap and the marvelous Castle Rocks. 
There is Panther Peak in the west, and Moro Rock keep- 
ing its sentinel watch over the giant forest. And down, 
down, a thousand feet below us, are Sugar Loaf and 
Little Blue, huge domes that seem from where we gaze, 
perched on the edge of the great world’s roof, like giant 
footstools, flung down on the big floor of the universe. 
Yonder winds away to the west the Kaweah’s silver 
stream. See, upon the canyon’s steep sides, how the 
green and white of the snow field and meadow gleam in 
the sun light; and look how over those sheer cliffs leap a 
hundred glistening falls. Far up their slopes hill and 
mountain are cloaked in fern and flower and forest; in- 
numerable pillars, columns, domes and spires of granite 
greet at each turn the gaze, and over all the dying sun 
rolls its full tide of splendor. 

‘‘At Panoramic Point many will stop, nor further seek 
delight; but for those who love to seek Nature in her 


‘stern fastnesses, there remains yet the journey to the can- 


yon of the Kern River and the ascent of Mt. Whitney, 
and the return by way of Golden Trout Creek. 

“Tt is a three days’ trip, with camping outfit, from 
Panoramic Point to the lakes at the mouth of the Kern 
Canyon. ‘The Little Kern and its tributaries afford the 
finest trout fishing imaginable, and here the sportsman 
will long linger, making the record catches which shall 
stir the envy of many a club room circle, when the wine 
and tales of brave sport go round together. ‘Thirty miles 
north and south, and straight as a bee’s flight, the Kern 
Canyon runs, its precipitous walls towering to heights of 
3000 to 6000 feet. The swift river cleaves the long floor, 
covered with giant growths of tamarack and pine, broken 
here and there by green meadows. All the way up the 
canyon an ever shifting panorama of the picturesque 
greets the eye. Beyond Funston’s meadow the most 
beautiful waterfalls are frequent. The Chagoopah Fall 
leaps down 3000 feet, its waters dashing to spray as they 
rebound from rock to rock. In the short space of less 
than four miles are six ribbon falls, leaping sheer 3000 
feet from cliff to canyon floor.’’ 

ed 

Here are illustrated in pen picture every requisite for 
success in the generation, transmission and distribution 
of electric power—the snow clad ranges that reach to 
dizzying altitudes, the sources of water supply of vouch- 
safed abundance and constancy because of matchless 
forests, the vast empires of most prolific orchard and vine- 
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land only awaiting the touch of the magic wand of irriga- 
tion to cause them to spring into unequalled productiveness 
—the irrigation which, by the way, transmission accom- 
plishes best. Then there are the more familiar industrial 
conditions tending to normal development—the virgin 
soil, the sparcity of settlement, in brief the undeveloped 
resources, immeasurable in themselves and small only in 
the hold which they have upon the attention of the gen- 
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eral public. Add to these conditions the favoring, though 
perhaps hacknied, influences attributable to climate, to 
high-priced fuel and to the enterprise of Western men, 
and no one will have difficulty in discerning why electric 
power transmission development in the Far West has ex- 
ceeded that in all other quarters of the globe, or wherein 
it cannot fail to become a predominating factor in the 
industrial welfare of the empire states of the Pacific. 





Static Strains in High Tension Circuits." 
BY PERCY H. THOMAS. 
PART I.—CONTINUED 


NATURE, CAUSES AND EFFECTS OF STATIC DISTURBANCES. 


ONNECTING ‘‘Dead”’ Transformer to Live Line.—Fig- 
ure 3 represents the portion of a high tension transformer 
coil connected to the line terminal. The circles indicate 
wires. The coil may have one or more turns per layer. 

The numbers on the circles indicate the order in which the current 
passes through the turns of the winding. The low tension winding 
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High Tension Coil 


FIGURE 3.—ILLUSTRATING ELECTROSTATIC CAPACITY OF A HIGH TENSION 
TRANSFORMER COIL AND CHARGING FROM A LIVE LINE. 


lies adjacent to the high tension and the small condensers a, 6, 
c, d, ete., shown dotted, indicate the electrostatic capacity to the 
corresponding wires of the adjacent low tension coils. 

Before either terminal of the transformer is connected to the 
line all parts of the high tension winding are at earth’s potential. 
As the first line switch is being closed at S there is no change in 
the potential of the transformer winding until a spark passes 
between the switch jaws. Then instantly the potential of the 
transformer terminal is raised to the potential of this line wire. 
The rest of the high tension transformer winding also takes the 
potential of this line wire as soon as (but not sooner than) the 
necessary charge can reach 4, ¢, d, e, etc. Now, the charges for 
6, c, d, e, etc., must flow through a considerable amount of induc- 
tance, which will require a length of time which is very short, but 
still sensible. It is clear that during this short but definite period, 
after the terminal has reached its full potential and before there 
has been sufficient time for charge to reach the inner layers, for 
example, f and g, etc., a difference of potential exists between 
the outer and inner layers of the winding which is equal to the 
full electromotive force of the line wire above the earth. If the 
insulation of the winding is too weak or the line potential is very 
high this momentary difference of potential will cause a spark to 
pass over the surface of the coil or through its insulation. This 
spark contains, of course, a very small amount of electricity, for 
as soon as the wires, etc., 4, g, are charged up to line potential, 
the voltage between the inner and outer layers vanishes. The only 
result is the almost harmless passage of a nearly invisible spark. 

Very soon after the closing of the first line switch the whole 
transformer winding will have assumed the potential of the first 


*A paper read at the 161st meeting of the American Institute of Electrical 
Engineers, New York, February 14, 1902. 


line wire, that is, just before the closing of the second line switch 
the second transformer terminal is at the potential of the first line. 
As the second switch is closed a spark passes and the potential of 
the second terminal of the transformer, which has, up to the 
instant, been at the potential of the first line, is suddenly changed 
to that of the second line—a very abrupt change. Then, as before, 
during the period required for the necessary change to penetrate 
to the inner turns, a very high potential difference is impressed 
on the outer portion of the coil. The momentary strain on the 
insulation of the coil is much greater when the second switch is 
closed than the first, for the first transformer terminal experienced 
an abrupt change only from earth’s potential to line potential, 
while the second was changed from the potential of one line to 
that of the other line, which is nearly double the potential from 
the ground. 

There is another very important difference between the effects 
of closing the first and second switches in connecting a ‘‘dead” 
transformer to a live line. In the case of closing the first, as 
already stated, if the momentary strains break down the insula- 
tion, and only sufficient current flows through this break to charge 
up the inner layers of the transformer coil. This is a very small 
quantity and can do comparatively little injury to the coil, 
especially if it be oil insulated. In the second case the amount 
of current passing in the static spark is not very materially 
greater than in the first case. But when the insulation between 
turns is momentarily broken down by this small spark there flows 
through the break a certain amount of current due to the electro- 
motive force impressed on each turn of the coil. Although the 
static spark of itself would be but momentary, yet the current 
supported by the impressed or ‘‘normal” electromotive force of 
the circuit may be able to hold the arc and contine indefinitely, 
destroying the whole coil if not interrupted. I say may be able 
to hold an arc, for such an arc may or may not be held, according 
to the circumstances of the case. If tlie static spark passes when 
the normal electromotive force is nearly zero, or if the transformer 
be not able to supply much current in short circuited turns, etc., 
then the chance that a permanent arc will be established is small. 
Sparks or flashes have actually been observed in the winding of 
high tension transformers at the time of lightning discharges, 
showing actual temporary holding of an arc. 

The factors which determine the minimum number of layers 
upon which excessive momentary potential will be impressed are, 
chiefly, the inductance and electrostatic capacity of the trans- 
former coils and the abruptness of the change of potential of the 
terminal on the closing of the switch. The former determines the 
rate at which the charge can penetrate the coil, and the latter 
determines the time during which charging current may be pass- 
ing into the coil before the full potential is reached on the termi- 
nal. The more abrupt the spark and the greater the capacity and 
inductance of the coiis, the fewer the number of layers which will 
become charged before full terminal potential is reached and the 
more severe will be the strain on insulation. 
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When switching is done on a high tension generator or a motor 
or any apparatus containing coils, a strain is brought in the wind- 
ings near the terminals in exactly the same way as with trans- 
former coils. There is, also, usually, this same tendency for 
normal voltage to cause an arc to follow any momentary break in 
the insulation. 

It is evident that the danger from this sort of switching is greater 
and greater for higher and higher voltages—it is of little impor- 
tance on low voltages. Actually, injury of a serious nature to 
apparatus from this source is very much less than would be at first 
expected for several reasons: 

(a) Insulating materials will stand much higher voltages of a 
static nature than of a continuous nature, such as those derived 
from generators. 

(6) The passing of a static spark alone is usually by no means 
a serious matter, and many circumstances may prevent a destruc- 
tive arc from following the spark. 

(c) It is only occasionally that the combination of circum- 
stances arises which gives the severest conditions. 

It has been assumed thus far that the potential of the line wires 
is unaffected by the switching operations. If, however, the con- 
necting of the transformer to the line momentarily lowers the line 
potential at the switch, as will often occur, the abruptness of the 
static strain, and therefore its severity, will be reduced. 

This discussion, which has been applied to switching on a trans- 
former, is applicable when any coil is subjected to an abrupt 
change of potential in any part. Forexample, when a dead trans- 
mission line is connected to a live transformer the potential of the 
transformer terminals will usually be suddenly lowered very con- 
siderably for the moment on account of the great excess of the 
electrostatic capacity in the line over the transformer coil. In 
this case the potential of the line which must be charged directly 
by the generator (and not from charge previously stored in the 
electrostatic capacity of other lines) will rise very much more 
slowly since current must pass through considerable inductance 
in generator and transformers. Sudden short circuits, grounds, 
discharges of lightning arresters and similar disturbances all pro- 
duce static strains more or less severe according to circumstances. 

Before continuing the consideration of other cases of serious 
static it wil! be best to consider one or two more fundamental cases: 

IV. When a condenser discharges suddenly through an induc- 
tive circuit containing comparatively little resistance the current 
in the discharge path increases continuously until the condenser 

is completely discharged. At this time the cur- 
FOURTH LAW rent, in virtue of the magnetic field which it 
OF STATIC. produces, stores nearly the full amount of the 
energy originally in the condenser, for there is 

little waste, as the resistance is assumed to be small. 

But this current cannot become zero until all its energy is dis- 
charged into the circuit, which in this case means into the con- 
denser; therefore the condenser is charged to its original voltage 
again, but this time in the opposite direction. At the instant all 
the energy is thus restored to the condeuser (with reversed direc- 
tion) thecurrentis zero. But the condenser cannot remain charged 
with the discharge path closed, and will discharge again, repeat- 
ing the same phenomena; that is, the charge oscillates backward 
and forward through the discharge circuit. If the resistance is 
not zero a little energy is lost every time discharge occurs, so that 
each time the condenser is charged to a lower potential than the 
preceding time, until the whole of the energy is finally trans- 
formed into heat. If nowa condenser be charged through induc- 
tance continuously, energy will be stored in the magnetic field 
produced by the changing current (just as in the case of discharge) 
until the condenser has reached full potential. All this energy 
must be discharged into the condenser before the charging cur- 
rent can cease; that is, if there are no sensible resistance losses, 
the condenser will be charged momentarily to double potential. 
The condenser will then oscillate between double potential and 
zero until it finally settles down at the potential of the circuit 
from which it is charged, which occurs only as the oscillations are 
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damped by the resistance of the circuit or by other losses. These 
phenomena may be made clearer by a mechanical analogy. 

The first case of the discharging condenser is similar to that of 
a pendulum which has been drawn aside and released; it oscil- 
lates about its final position of rest until its energy is all expended 
in friction. The second case may be compared to a weight sup- 
ported by a spring. If the weight be dropped it will descend 
beyond the point at which it is finally to come to rest, stretching 
the spring to twice its final extension. The weight will then be 
drawn up again above the point of equilibrium, oscillating back- 
ward and forward until its energy is dissipated by friction. The 
inertia of the weight corresponds to the inductance of the charging 
circuit and the spring corresponds to the capacity of the condenser, 

Consider the charging of a short transmission line. The line 
may be considered to be a condenser; assume that it is being 
charged from bus-bars rigidly maintained at constant potential. 

There will always be a certain amount of in- 
CHARGING ductance in the path through which charging 
A SHORT current must pass to reach the line, so that we 
TRANSMISSION have the case of the charging of a condenser 
LINE. through inductance with more or less resistance 
in the circuit. Therefore, when the line is con- 
nected, it rises to double potential (neglecting losses) and im- 
mediately starts to oscillate between this point and zero until the 
oscillation gradually dies out and leaves the line at normal 
potential.* This means that at all points the insulation of the 
line will receive a strain of double potential. If, on the other 
hand, the bus-bar from which the line is charged has not the 
capacity to deliver almost instantly the amount of electricity 
necessary to charge the line, the first effect of closing the switch 
will be not to raise the potential of the line to its full amount, but 
to make both line and bus-bar take an intermediate potential so 
that the line comes up to normal potential by steps. Under these 
circumstances the maximum of the oscillations is materially 
reduced, and the line is not subjected to double potential. In the 
extreme case in which the bus-bar has a comparatively small 
capacity to deliver current, the first effect of connecting the line 
is to bring the potential down to zero. In this case, if the line be 
charged from transformers, the outer portions of the windings 
are subjected to severe strains, as already explained. For a bus- 
bar to be able to supply charging current to a ‘‘dead’’ line so 
quickly as not to have its potential momentarily dropped, it must 
have the necessary amount of electricity already stored in con- 
densers connected directly to the circuit. In commercial plants 
the place of such condensers is supplied by other live lines con- 
nected to the bus-bars. 

The strain of double potential produced by charging a line has 
an interesting analogy. Ifa piece of metal be tested for tensile 
strength by suddenly applying a weight on the end, a double 
strain will be momentarily given the metal due to the slight 
motion of the weight allowed by the stretching of the test sample. 
In this case the inertia of the weight corresponds to the induc- 
tance through which the line is charged. 

The discussion so far assumes that there are no losses of energy 
in resistance or in currents set up in adjacent bodies. Such losses, 
which always exist to some extent, tend to reduce both the ampli- 
tude and the number of oscillations. 

In the case of a long transmission line, however, the line can- 
not properly be considered to be a simple condenser, for this is 
equivalent to the assumption that the line is so short that its 
inductance is practically zero, and in actual long lines such is not 

the case. To present such a line, however, we 

CHARGING may take a succession of choke coils and con- 

A LONG densers connected in series, as in figure I. 

TRANSMISSION Consider a single line wire open circuited at 
LINE. the receiving end. 

The ‘‘dead” line is to be charged at the end, 

B, from the high tension bus-bar, 4. Assumé that, as the switch 


*This rise of the line to double potential on charging was mentioned in 
Mr. Steinmetz’s paper before the Institute last August. 
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at 4 is closed, the point B is instantaneously raised to full poten- 
tial. If, now, the line extended no further than the condenser, C, 
we should have the case of a short line which has just been dis- 
cussed; that is, the line will rise to double potential and oscillate 
until it finally settles down at normal potential. But since the 
line shown in figure 1 does not end at C, as soon as the potential 
of condenser C begins to rise, current begins to flow to condenser 
), and as C rises higher and higher, more and more current will 
flowto D. The potential of D then begins to rise, which starts 
current to /, etc. As J rises slowly at first, C reaches bus-bar 
potential before , and similarly D before Z, etc. As soon as C 
reaches this potential it remains constant. At the same instant 


4 2B CG, \ E, A 3, Letters have same meaning 
| ? { } j as in figure 1 
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FIGURE 4—CHARGING WAVE IN A LONG TRANSMISSION LINE. 


that C reaches bus-bar potential, the current value in the coil 
between # and C reaches a maximum and becomes constant. 
Similarly with the currents in the other coils. This current, 
which has a constant value in more and more coils as the line 
charges up, represents the charge that is being added constantly 
at those points where the potential is changing. Though the 
potential of C remains constant, that of D continues to rise until 
it reaches the same value as C, when it, too, becomes constant, 
though the potential of £ continues to rise, and so on- along the 
line. Similarly with # and F, but each successive condenser 
reaches its maximum a little behind those nearer the point 4, so 
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that the net result is a wave of electromotive force starting at the 
point # and passing along the line. 

The general distribution of the potential of the line showing the 
wave form at short intervals of time after connecting on the line 
is shown in figure 4. 

This wave passes along leaving the lines fully charged. If the 
line be infinitely long it will experiencence no further disturbance, 
and if there are no resistance or other losses the wave will pass 
along the line an indefinite distance, keeping its form and raising 
in turn all parts of the line to the full bus-bar potential. If there 
be considerable losses of energy as the wave proceeds (as there 
usually are in any actual circuit) this wave will lose its shape 
somewhat, and will get feebler and feebler, until, if the line be 
long enough, it ceases to be perceptible. This dying away of 
intensity may be slow enough in commercial lines, so that a large 
part of the original intensity of the wave will remain when the end 
of the line is reached. Now the end of the line is open circuited 
and the wave of electricity can go no further and is reflected back. 
At the reflecting point the maximum potential reached is twice 
that of the wave. 

On being reflected, the wave immediately starts back along the 
line, leaving it charged to double potential (assuming no losses), 
and finally reaches the starting point, 4, where its energy is 
absorbed by the bus-bar. But the line cannot stay at double 
potential, and a second wave is sent along the line, bringing it 
back to normal potential again. This second wave will be reflected 
at the open end, and will return again, but this time dropping the 
potential of the line to zero potential, until, as the wave reaches 
A again, the line is practically in its initial condition. This wave, 
in turn, is absorbed by the bus-bars, and the whole series of opera- 
tions gone over again and again. If, however, there are resistance 
and other losses the wave is growing thinner and thinner all the 
time, and finally dies away, having only partly charged the line. 
As the wave dies down by the resistance losses an infinite number 
of small supplementary waves are sent out, which complete the 
charging of the line. If there are no losses, however, no supple- 
mentary waves will be found. 

It will thus be seen that the charging of a long line is much the 
same as a short line; in both cases the line oscillates between 
zero and double voltage until the losses cause it to settle down at 
normal potential. These wave changes are indicated in figure 4. 

Actual tests on commercial transmission lines suddenly charged 
have shown a rise of potential much greater than normal at the 
end farthest from the switching. 

Suppose a stretched flexible cord fastened at one end and held 
in the hand at the other. A quick motion of the hand sideways 
will send a loop or wave along the cord which will pass to the 
end, will be reflected back and will finally reach the hand again. 
This wave is analogous to a static wave of the transmission line. 

Consider a line consisting of two parts—the more remote having 
a much smaller capacity and larger inductance than the nearer. 
When a vave starting from the beginning reaches the junction it 
will be partially reflected, since the whole charge of the large line 
cannot be crowded into the capacity of the 
small line, especially in view of the increased 
inductance of the new position; that is, there 
will be a rise of potential at this point and a 
wave smaller than the outgoing wave will start back. As the 
original wave will not be wholly reflected, the potential at the 
juncture of the two circuits will not be double the charging volt- 
age. 

But a wave will also be sent forward into the second part of the 
line which will have a crest as high as the maximum of the poten- 
tial at the reflecting point. Therefore, at the end of the second 
line, where another reflection occurs, the crest of the last wave 
will be doubled. The resultant potential at this point will thus be 
very high, but not over four times the original voltage of the bus- 
bar. It may be much less. This means that a branch line at the 
end of a main system (especially if the latter consist of two cir- 
cuits in multiple) will recetve a very severe shock at the farther 
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end when a wave enters it from the main line. This is a case that 
may readily occur in actual plants and should be carefully con- 
sidered. If there be a third line on the end of the second leaving 
a still less capacity and still greater inductance a wave will be 
formed in this line whose crest has the value of the maximum 
rise of the reflecting point at the end of the second section of line, 
and which will double its potential at the farther end as before. 
This last rise of potential has as its maximum theoretical limit 
eight times the original charging voltage, but would actually 
always be much less. This case is very unlikely to occur in actual 
circuits. The total energy in the waves in the second and third 
sections of lines is much less than in the original wave, but is at 
a higher potential. . 

To return to the consideration of the uniform circuit. It has 
been shown that when one end of a long line is suddenly raised 
to acertain potential and maintained there, a wave of charge 
passes along the line, leaving it charged, and that when this wave 
reaches the open end of the line it is reflected and produces all 
along the line a potential double that of the bus-bar. . If, however, 
a sine electromotive force be momentarily applied to the line so 
that the end of the line is not maintained steadily at the fuil 
potential, as before, but is immediately lowered, a wave will be 
found in the line, as before, with the same maximum voltage but 
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FIGURE 5 —CHARGING WAVE IN LONG TRANSMISSION LINE. 








a different form (see figure 5). This wave leaves the line un- 
charged. The rise of potential at the reflecting point, however, 
is the same as long as the crest of the wave is the same, but in 
this case only the reflecting point receives double potential 
(assuming that only a single wave is started in charging). 

If a wave be started at one end in a very long narrow trough of 
water, it will proceed the length of the trough and on reaching 
the end will be reflected and will rise up to double height at the 
reflecting point. This wave in the water is again analogous to the 
wave of charge passing along the line, leaving it unchanged and 
causing a double strain at the reflecting point. 

In all cases of static effects the change in electromotive force of 
the bus-bars due to the generator is so slow that the generator 
electromotive force may be considered constant while the static 
phenomena are taking place. . 

The length of the wave in the line is determined by two factors 
—the speed at which the charge passes along the line and the 
time required to bring the potential of the first point of the line to 
full potential; it is the extreme distance to which the charge has 
penetrated when the charging potential becomes stationary. 

If the line is shorter than the length of the wave no complete 
wave will be formed, but reflection will produce the same rise of 
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double potential at the end. The speed at which the wave will 
pass along the line is inversely proportional to the square root of 
the product of the capacity and the inductance per unit length 
(unit length = 1 earth quadrant = 6200 miles), that is, to the time 
constant. But on air lines the waves always travel at approxi- 
mately the speed of light, so that there is an inherent relation 
between the inductance and capacity of an air line which at first 
thought is very surprising. This relation is expressed by the 
equation v=1/\/Z C, or L=1/v* C where v is the velocity of the 
wave in air. 

Evidently the more sudden the disturbance the more likely is 
the formation of a complete wave. In the extreme case when the 
length of wave is very much longer than the line (as in the case 
when the voltage is applied to the line very slowly) there is prac- 
tically no wave formed, and we have the plain charging of a con- 
denser. This is also the case considered in discussing the charging 
of a short transmission line. 

If the source of electromotive force from which the line is 
charged cannot maintain rigidly its potential during charging, the 
line will be charged up by steps, as already explained. The result 
is that a weaker wave is obtained, followed by a second wave as 
the bus-bar recovers its potential—which completes the charging 
of the line. 

What has just been said of charging a line applies equally well 
to an underground cable, only the cable has a much larger electro- 
static capacity and a smaller inductance than the transmission 
line. If a wave of potential be formed in charging the cable, 

the wave will be reflected at the end, causing 

CHARGING A_ double potential all along the cable as it returns 

MULTIPLE CABLE.* to the starting point. If, however, the cable be 

so short that no wave be formed the cable will 

be charged like a short line, that is, as though it were a condenser. 

As before, if a momentary impulse up and down be given the cable 

instead of a steady charging voltage, a wave of the form shown in 

figure 5 will be produced which causes double potential at the end 

of the cable and there only when but one impulse is sent into the 
cable. 


If a steady alternating electromotive force is applied to the line, 
waves will be sent along having crests of positive and negative 
values alternately, and will be reflected at the end of the line one 
after another and return toward the starting point. When a 
returning positive crest meets an advancing positive crest double 
potential will result at the point of meeting; similarly with two 
negative crests. When a positive and a negative crest meet, zero 
potential will result at the point of meeting. The result is the 
formation of nodes and loops in the line or cable, that is, points 
of zero and of double potential as shown in figure 6, where ad- 
vancing waves are shown full, reflected waves dotted, resultant 
nodes and loops in dot and dash. 

The waves sent into the line by the alternating electromotive 
force are in continuous motion back and forward, but the nodes 
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FIGURE 6.—NODES AND Loops IN A LONG LINE OR CABLE. 


and loops are fixed in position, though the loops vary in strength, 
alternating between positive and negative. This phenomenon is 


*By multiple cable is meant a cable containing two or more insulated con- 
ductors. 
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similar to the formation of nodes and loops in an organ pipe. 
There is always a loop or point of double potential at the reflect- 
ing point. The distance between two positive loops at any instant 
is the wave length of the moving waves. 

To this point the lines and cables may have been considered as 
open circuited at the farther end. Comparatively little difference 
will result in static effects, however, if they be closed through 
transformers at various points, for the inductance of the transformer 
winding is so great that the comparatively large quantities of the 
charge on the line would not be materially lessened by the electro- 
static capacity of the transformers. In fact the transformer is 
subjected to a very severe strain without its being able to relieve 
the line. This strain is similar to that produced by connecting a 
‘‘dead” transformer to a live line, since the rise of potential of 
the transformer terminal, due to reflecting the wave, may be very 
abrupt. 

When opening a load current in a high tension line or cable no 
rise of potential will result unless the current be suddenly inter- 
rupted. With such an interrupter, of course (as all commercial 
circuits contain considerable inductance) a rise of potential will 

result, its severity depending upon how sud- 
OPENIN3 A HIGH denly the current is interrupted, how much 
TENSION CIRCUIT. Magnetic energy is stored in the circuit, and 
how much electrostatic capacity exists in the 
neighborhood of the break. This matter was treated by Mr. Stein- 
metz last August.* He there states that an excessive rise of 
potential may be expected from the interruption of short circuits. 
As a matter of actual experience it is the opinion of the author 
that little harm actually results from the opening of load or short 
circuit currents in commercial systems, as the resulting arc can- 
not drop out suddenly on account of the great amount of heat 
generated. There are often, however, other causes of static 
strains which may result from short circuits, that occur at prac- 
tically the same instant of time and in some cases the results of 
one cause may be assigned to the other. 

However, by opening an unloaded line or cable, it is entirely 
possible to obtain a rise of potential as follows: On opening a 
switch to cut out an unloaded line the arc of the chargiug current 
tends to drop out when the current strength is zero, that is (since 
the unloaded line takes a leading current), when the voltage is a 
maximum, for, as the line will momentarily hold its charge, there 
is at this time a little difference of potential between the line and 
bus-bars, even after the switch is opened. The line is thus left 
charged when the switch is opened, while the potential of the bus- 
bars is changing with the generator electromotive force. When 
the voltage of the generator has passed through one alternation 
there will be a potential between the line and bus-bars which may 
be sufficient to cause the arc to establish itself again and recharge 
the line. The arc will again drop out when the current becomes 
zero, and this action may be repeated several times before the line 
is finally clear. The sharp crackling sound often accompanying 
the switching out of a high tension line or cable suggests this 
phenomenon. This recharging of the line will cause the forma- 
tion of a wave and the consequent rise of potential, as in the case 
of charging a line. Thus, pulling off an unloaded line may have 
the same effect as charging it, so far as the static rise of potential 
is concerned. 

In the case where one terminal of the single-phase generator is 
grounded and charging current is opened at the other a static 
wave is produced in the line of double the intensity caused by 
charging the line ‘‘dead,’’ that is, a strain of double line voltage. 


(Continuation in the ensuing number.) 





‘““The West Coast should be proud of its electrical development 
and its JOURNAL OF ELECTRICITY, POWER AND GAS,”’ writes 
Mr. C. W. Taintor, Schenectady, N. Y. 


*Transactions of the American Institute of Electrical Engineers, August, 
1got. 
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PERSONAL, 


WILLIAM W. HANscom is a young man whose personality may 
be accepted as representative of the energy and development of 
engineering in the Golden State—engineering wherein the energy 
evidenced is little short of marvellous and wherein the develop- 
ment attained has been as rapid as it is thorough and original. 
Born in San Francisco in December, 
18€8, he has always lived there, for at 
its public and private schools he 
received his early education, and in 
its shops and manufactories he has 
received the extended experience 
which has been the foundation of his 
success. Leaving the high school in 
1883, he began a mechanical engineer- 
ing course in the National Iron 
Works, of San Francisco, where he 
spent three years in the foundry, 
pattern and machine shops, after 
which a further course of two years in 
the machine shop of the famous 
Union Iron Works completed his 
practical apprenticeship. 

His ability was promptly recognized in his appointment as 
assistant to the mechanical engineering superintendent of the 
Union Iron Works, and this position was held until the summer 
of 1890, when he entered the draughting office as assistant to the 
engineering chief. In the meantime, during his practical appren- 
ticeship, his studies were pursued in the evening school of 
mechanical drawing and under his father, Mr. W. W. Hanscom, 
who was one of the best known mechanical engineers of Cali- 
fornia at that time. 

In 1886 he became interested in electricity, his first efforts in 
that science being along the line of the telegraph. A substantial 
evidence of this early interest on his part still remains in most 
robust form. It was in that year he built some telegraph instru- 
ments as well as a social telegraph line which soon grew to bé over 
twelve miles in length, with a list of forty members. A few 
months sufficed to make him an expert telegraph operator, and 
seeking other experiences in electrical works he was placed in 
charge of the electric light plant of the Union Iron Works. His 
experience in this direction is a recital of the growth of the elec- 
trical department of the Union Iron Works, which has been told 
heretofore*, for from 1887, when its first dynamo was installed, its 
growth has been probably unequalled by that of any other manu- 
facturing industry on the Pacific Coast. During the early periods 
of the existence of the electrical department, as well as while he 
was in the draughting room, Mr. Hanscom made many efficiency 
tests of engines and boilers in addition to his electrical work, but 
in a comparatively short time the latter became of sufficient mag- 
nitude to require his entire attention. 

Some reference to the work which came under his supervision 
as chief electrical engineer of the Union Iron Works will show 
that no exaggeration of the importance of the position has been 
made. Mr. Hanscom designed and constructed the 10,000-horse- 
power switchboard for the Bryant street power house of the Market 
Street Railway Company, of San Francisco, installing it, together 
with its entire equipment of generators and auxiliary electrical 
apparatus. He has installed a number of isolated electric lighting 
plants, as well as nearly sixty electrical equipments on ships of 
the United States navy and the merchant marine, beginning with 
the cruiser Charleston, which was under construction in 1887, and 
including such ships as the San Francisco, Monterey, Olympia, 
Oregon, Marietta, Farragut, Wisconsin, Hancock, Sherman and 
others. 

In 1896 the Union Iron Works began the manufacture of the 
electrical apparatus required along every line of its work, with 
the result that at the present date all that is required in the line 
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* Blectricity in the Union Iron Works,’’ in THE JOURNAL for June, 1gor, 
Volume XI, p 11!. 
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of generators, motors, switchboards, steering gears, ammunition 
hoists, turret turning gears and ventilation apparatus, together 
with all bell, annunciator, signal and telltale apparatus is designed 
and built on the grounds. At times the electrical department 
operates 300 or more employees and its contracts on hand at one 
time have reached an imposing figure. And all the while the 
steam plant at the works has been being gradually superceeded by 
electrical power so that now all the cranes and tools are being 
operated by electric motors which have been designed by 
Mr. Hanscom and built on the ground to meet the special require- 
ments. 

Personally Mr. Hanscom is the most agreeable of fellows and 
the most wholesome of companions, and though his companion- 
ship is greatly demanded, his preference is for quietness and the 
seclusion of his private laboratory at his home, where he is 
splendidly equipped for electrical and chemical research. During 
the past four years much of his spare time has been spent in per- 
fecting methods of, and apparatus for, the manufacture of storage 
batteries, and that his labors in this direction have not been in 
vain is shown by the fact that a set of batteries which he built and 
sent to London in 1899 took the gold medal at the Agricultural 
Hall Exhibition for commercial efficiency, after over six months’ 
practical use in a Riker cart. Itis worthy of note, further, that 
this same set of batteries is in use at the present time. 

Mr. Hanscom is a member of the American Institute of Elec- 
trical Engineers and several other engineering societies, has 
served as expert in a number of engineering tests of various 
descriptions and was for a year a member of the Board of Elec- 
trical Examiners for the Civil Service Commission of the City and 
County of San Francisco. 


EDWARD C. JONES, whose engineering ability and charming 
personality have made him the idol of at least the gas lighting 
fraternity of the Pacific Coast, and whose portrait appears as the 
frontispiece of the present number of THE JOURNAL, is a true 
blue Yankee, having been born in the good city of Boston, Mass., 
on February 8, 1861. More than this, if there be such a charac- 
ter as a true-blue gas man, he is representative of it, for his 
grandfather and his father were gas men from the earliest days of 
the industry in New England. His father, Mr. Edward Jones, 
built the first gas works at Lowell, Cambridge, Worcester, Provi- 
dence, Richmond and other cities, and, as will be shown, the son 
has more than upheld the family traditions in gas engineering 
throughout an unusually busy career. 

When sixteen years of age the subject of this sketch entered the 
employ of the South Boston Gas Light Company, or to speak 
more exactly, his services with the company named began on 
January 1, 1877. His rise in the intricacies of the coal gas making 
processes of the time was rapid, and within two years he had 
invented the ‘‘ Jones Jet Photometer,” an instrument of such sur- 
prising simplicity that it not only sprung into use as an invaluable 
adjunct to every gas plant throughout the world, but, more than 
that, it made a name for its inventor which will go down in per- 
petuity in the annals of gas engineering. This proud distinction 
was achieved when Mr. Jones was but 18 years old. At 20 he was 
clerk of the corporation which employed him, and at 22 he was 
appointed assistant superintendent of the South Boston Gas Light 
Company, in which position he remained until 1885. Still con- 
tinuing in the services of the Boston Gas Light Company, he 
became its superintendent on March 8, 1889, and on January 27, 
1890, was appointed assistant engineer. In the meantime he was 
trustee of the Massachusetts Charitable Mechanic Association for 
eight years and a director of the New England Association of Gas 
Engineers from 1889 to 1890, while in 1890 he was elected a mem- 
ber of the Boston Art Club. His next move was Westward, and on 
May 1, 1891, he assumed the duties and responsibilities of assist- 
ant engineer of the San Francisco Gas Light Company, and in 
1898, sometime after the San Francisco Gas Light Company had 
become merged with the Edison Light and Power Company, and 
known as the San Francisco Gas and Electric Company, Mr. Jones 
became engineer of the last named concern. The immediate 
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cause of his coming to San Francisco was found in the necessity 
that the services of some one be obtained who would be fully 
competent to take charge of the construction of the North Beach 
station of the San Francisco Gas and Electric Company, and dur- 
ing this work his unusual ability as a gas engineer became go 
manifest that thenceforth his services grew to be regarded as 
invaluable by the company. So marked is the esteem with which 
he is held by the board of directors of the San Francisco Gas and 
Electric Company, that when he resigned from its service on 
March 1, 1902, to accept the position of chief engineer of the 
California Central Gas and Electric Company, the Board of Direc- 
tors presented him with a large oak chest containing 163 pieces of 
silver. On a silver plate inlaid in the cover of the chest are 
engraved the names of the directors, as follows: 

W. B. Bourne, T. B. Bishop, G. H. Collins, J. B. Crocket, J. P. 
Donahue, W. J. Dutton, Adam Grant, J. Downey Harvey, C. Os- 
good Hooker, Homer S. King, E. J. McCutcheon, L. T. Mont- 
eagle, D. T. Murphy, A. H. Payson, George W. Prescott, Rudolph 
Spreckles and Levi Strauss. 

The following beautifully engrossed resolutions accompanied 
the present: 

Resolved, That the board of directors of this corporation accept with sincere 
regret the resignation of F C Joues as engineer of the company, to take effect 
March 1, 1902; and be it firther 

Resolved, That this boariin parting with Mr. Jones desires to express its 
appreciation of his eminent ability in his profession, of his most valuable ser- 
vices to this company while in its employment, and of the untiring energy and 
unselfish devotion which he has disp!ayed during his long connection with it; 
and be it further 

Resolved, That the best wishes of this corporation will go with Mr. Jones in 
all his future undertakings. 


During Mr. Jones’ incumbency with the San Francisco Gas and 
Electric Company he found time to superintend the construction 
of many gas plants both East and West, as well as to act in a con- 
sulting capacity for many gas enterprises. His inventions, more- 
over, are not a few, for in addition to his jet photometer, a list of 
his inventions includes such important ones as those of sounding 
bars for finding leaks in pipes, safety devices for gas or air pipes, 
besides improvements in the manufacture of gas and improve- 
ments in gas fired boilers. His literary efforts have also been 
equally varied and far reaching, for among others he is author of 
‘‘An Experience With Naphthalene Deposits,” ‘‘The Relation of 
Intensity of Light and Visual Perception,’’ ‘‘The Elements of Gas 
Analysis,’ ‘‘Leakage and Condensation,’’ A Ton of Coal,’ ‘‘An 
Easy Method of Finding the Units of Heat of Combustion,’”’ 
‘*Purification of Gas,” etc. 

The one subject further which should be touched upon to round 
out this brief sketch is that of Mr. Jones’ fraternal affiliations. He 
has been a member of the American Gas Light Association since 
1879; he is a member of the New England Association of Gas 
Engineers; an honorary member of the Guild of Gas Managers of 
Massachusetts; a member of the Western Gas Assoviation; past 
president of the Pacific Coast Gas Association; and a member of 
the Massachusetts Charitable Mechanic Association, of the Tech- 
nical Society of the Pacific Coast, and of the American Society of 
Mechanical Engineers. His Masonic affiliations are equally 
strong with those of engineering tendencies, for he is a member 
of St. Paul’s Lodge, Boston; of St. Matthew’s Royal Arch Chapter, 
Boston; of California Council, R. & S. M.; of Golden Gate Com- 
mandery, Knight Templars, and of Islam Temple, N. M. S., San 
Francisco. 


WARD S. ARNOLD, at present and for some years past with the 
General Electric Company’s Chicago office, has accepted the 
position of sales engineer to the Chicago office of the Stanley 
Electric Manufacturing Company. Mr. Arnold is well known, 
particularly in the West, for his genial personality and business 
ability, and both he and the Stanley Electric Manufacturing Com- 
pany are to be congratulated upon his accension to that concerns 
force. 





‘‘An admirable paper.’”’ W. M. Stein, Armour Institute, 
Chicago. 
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iW pahletoriner Litigation, 


Our shrention has been directed to certain letters purporting to come ‘from. the Wéstiighouss Electric ; 
and Manufacturing Company referring to its suit against the Saranac Lake Electric Company ‘and threaten- 
ing our customers. 


_ All of the lettersywhich et come to our notice are entirely misleading. Some of them say —referring 
to the Stanley Patent (belonging | to the Westinghouse Company) which was’ one of the patents involyed in 
that suit—‘‘The patent in question covers all transformers. used for lowering the voltage of an alternating 
current circuit.”’ 


Such a statement is entirely without warrant in the facts of the case or the decision ‘of the Courts. 
Such a contention was never.put forth by the Westinghouse counsel or urged by its expert. 


The facts of the case are these: Thé suit was based upon. two patents, Kennedy Patent No, 11,031, 
, dated September 24th, 1889, and Stanley Patent No. 469,809, dated March tst,. 1892. 


The earlier patent is exceedingly broad and sweeping, and, if it had been sustained, would have 
covered all multiple arc systems of transformer distribution wherein step-down converters are employed. As 
to this Kennedy Patent, both the United States Circuit Court for the Northern District of New York and the 
‘Circuit Court of Appeals for the Second-Circuit, decided against the Westinghouse Company, holding the 
patent to be null and void, and in so doing decided thatthe Saranac Company ‘was not only. entitled to use 
transformers for lowering the voltage of an alternating current circuit, but to do so when such. transformers 
were in multiple arc relation. The right of manufacturers other than the Westinghouse Company to manu- 
facture and sell ‘multiple arc. systems of distribution employing step-down transformers stands upon an — 
- impregnable basis in both of said decisions. 


The Stanley Patent is of later date than the Kennedy Patent. This patent is of narrow scope; indeed, 
the Court held that a certain rule of practice contained therein constituted the gist of the Stanley: invention 
set forth in the claims in suit. 


We havé not seen any circulars wherein it is claimed that the so-called Stanley rule is employed. by 
this company in the manufacture of its transformers. Ifsuch a claim should be made, our reply would be 
emphatically that such is not the case, All transformers manufactured by the Stanley Electric Manufactur- 
ing Company are made in accordance with our own’patents and without infringing in the least degree upon 
any patent. The manufacture of transformers like those used at Saranac was discontinued a long time ago 
by the company wore was our predecessor, and this transformer has never been manufactured by this com- 
pany. 

For a number of years the Westinghouse Company has steadfastly put forth the most extravagant 
claims as to the breadth.of scope and controlling character of the Kennedy Patent which the Circuit Court of 
Appeals has sustained as null and void. It must be conceded that had the Court sustained the Kennedy 
Patent in the Saranac suit, the Westinghouse Company would, for some years. to come, have had a consider- 
able warrant for its extravagant pretensions. As it is, the decision holding that patent null and void has 
changed the entire situation. 


It is our intention to respect both the spirit and the letter of the Court of Appeals’ decision in the 
Saranac case. It is; however, justifiable to inform the trade of the precise situation as above, ‘and to correct 
any misapprehension due to any unwarranted claims or allegations of the breadth and scope of the Stanley 
Patent. 


Stanley Electric Mfg. Company, 
Pittsfield, Mass. 
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